Regular conditioning has been well documented to exert after standardised ergometry and during isometric and cold pressor testing when compared with pre-training. a beneficial effect on cardiovascular risk factors and to improve overall cardiovascular health and to reduce the The heart rate also decreased significantly during exercise testing thus implying a decrease in myocardial oxyincidence of coronary disease. There are conflicting results concerning the effect of physical exercise on gen consumption. After long-term training, a reduction in systolic and blood pressure (BP) in hypertensive patients and its importance in the treatment of hypertension. Therefore diastolic BP could also be shown during 24-h ambulatory BP monitoring. 10 male patients with mild arterial hypertension were studied in order to define the BP response to long-term These results demonstrate that long-term aerobic training leads to a decrease in systolic and diastolic BP aerobic training (60 min twice a week) under resting conditions, during standardised ergometric workload, at rest, during exercise and during 24-h BP monitoring and imply a beneficial effect in the management of during isometric exercise, during cold pressor testing and during 24-h BP monitoring.
Introduction
untrained groups. It has been stated previously that Arterial hypertension is a major risk factor for carthe reduction of BP by endurance training depends diovascular disease. [1] [2] [3] Morbidity and mortality on the group that is selected for study. [16] [17] [18] [19] [20] [21] In most increases as arterial pressure rises, with no evidence of the studies there are no data on the quality and of a threshold of risk. 4 Regular conditioning has quantity of training and the behaviour of body been well documented to exert a favourable influweight. However, this information is a prerequisite ence on cardiovascular risk factors in physically for assessment if exercise can lower high BP. Hyperinactive subjects and has been demonstrated to tensive patients have a lower cardiac output and effectively reduce the incidence of non-fatal and stroke volume, a higher heart rate and a markedly fatal coronary heart disease. [5] [6] [7] [8] [9] [10] [11] [12] [13] elevated peripheral resistance than normotensives at The effective control of the major risk factors such the same level of exercise. 22, 23 as high blood pressure (BP) is essential from the The question of whether endurance training has a standpoint of preventive medicine and public positive effect on the high peripheral vascular resisthealth. It must be asked, however, whether the drug ance in hypertensives is still unknown. Previously 24 therapy of hypertension will continue to play the we could show that during a single bout of aerobic dominant role in hypertensive management given exercise there is a continuous decrease in systolic the large financial burden that is imposed by the use and diastolic pressure in hypertensive humans durof antihypertensive drugs on a broad scale.
ing aerobic exercise under steady-state conditions. Exercise training has been advocated in the man-A following transient post-exercise hypotension has agement of hypertension, 14,15 since experimental been shown to persist for as long as 1 h. investigations with animals 15 and longitudinal and We undertook the present study to assess the cross-sectional studies in humans have demoneffects of regular aerobic training on BP not only at strated a lower resting BP in athletic and trained rest but also during aerobic and isometric exercise and during cold pressor testing and 24-h BP monitoring. 
Results
There were none with coronary heart disease or heart failure, and their serum creatinine concenBecause there was no control group the patients were used as their own control with an initial tration did not exceed 1.1 mg/dl. Careful physical and laboratory examinations were performed to rule 3.3 ± 1.2 months recruitment period prior to the onset of training taken as the control period. out secondary hypertension and serious cardiovascular and cerebrovascular complications. All the After this period there was a significant decrease in arterial pressure at rest from 151 ± 11/96 ± 7 patients had sedentary lifestyles, as defined by the absence of a regular exercise programme during the mm Hg to 139 ± 9/96 ± 6 mm Hg (P Ͻ 0.01). During ergometric testing at 100 watts, pressure did not preceding 10 years.
Patients were evaluated on a work-free Saturday. change significantly from 188 ± 9/106 ± 6 to 184 ± 10/107 ± 6 mm Hg. Arterial pressure was measured indirectly with a cuff and a mercury sphygmomanometer in a supine
After 18 months of training there was a significant reduction in resting BP from 139 ± 9/96 ± 6 mm Hg position. Then the patients were subjected to standardised ergometric testing in a half-sitting position before training to 133 ± 14/91 ± 7 mm Hg after 18 months of aerobic training (P Ͻ 0.05) ( Figure 1 ). on a bicycle ergometer under controlled conditions, using techniques given in the Proposal for InterDuring the standardised ergometric testing at a workload of 100 watts, systolic pressure decreased national Standardisation of Ergometry. 26 The exercise load started at 50 watts, with an increase of 10 significantly from 184 ± 10 mm Hg to 170 ± 10 mm Hg (P Ͻ 0.05) and diastolic pressure decreased watts every minute to a maximum of 100 watts. During this bicycle ergometry arterial pressure readings from 107 ± 6 mm Hg to 96 ± 7 mm Hg (P Ͻ 0.01) ( Figure 1 ). Simultaneously the heart rate dropped and heart rate were taken every 1 min. BP was measured according to the Riva-Rocci-Korotkoff cuff significantly (P Ͻ 0.01) from 116 ± 11/min to 106 ± 9/min and rate pressure product, an indication method, using Korotkoff phase IV for diastolic pressure. The product of rate times pressure was calcuof myocardial oxygen consumption, was significantly decreased from 21.344 before training to lated at 100 watts.
Furthermore, BP response to isometric exercise, 18.020 after 18 months of training (P Ͻ 0.01, 15.6%). BP in the 5th min of the recovery period after which involved holding a 2.4 kg weight in the left hand with the arm extended horizontally for 2 min, exercise decreased from 143 ± 12/100 ± 8 mm Hg before training to 135 ± 10/88 ± 7 mm Hg after 18 and response to cold pressor testing, which involved dipping one hand into iced water (4°C) for 2 min, months of training (P Ͻ 0.01 for diastolic pressure). Aerobic training produced reductions in arterial was measured.
Additionally, in five patients the 24-h ambulatory pressure during isometric exercise from 173 ± 22/125 ± 10 mm Hg before training to BP profiles were investigated before and after the training period, using a portable Pressurometer III 168 ± 19/113 ± 7 mm Hg after the training period (P Ͻ 0.01) (Figure 2 ). (Delmar Avionies, USA). Measurements were made at 7.5 min intervals. The patients were encouraged to go about their usual daily activities and to relax their arms during inflation and deflation. Ambulatory BP monitoring was always performed on a working day. All patients worked on daytime shifts, and their tasks involved mainly desk work. Average BP was calculated for the entire 24-h period.
Patients were advised not to alter their dietary habits during the study and not to participate in exercise programmes outside of the scheduled classes. All the tests were then repeated under identical conditions after 18 months of regular aerobic training.
The training programme consisted of outdoor running training twice a week for 1 h each training session. Exercise sessions started with a 5-min warmup period (stretching and walking). Subjects then ran a distance of 1 km in the beginning and increased distance progressively to 10 km at the end of the study. Group training sessions were super- vised by a trainer who also kept records of attendat rest, during ergometric testing (100 watts) and in the 5th min of the recovery phase before and after long-term aerobic training.
ance. Patients exercised at approximately 70% of During cold pressor testing there was a decrease from 145 ± 17/106 ± 13 mm Hg before training to 146 ± 21/99 ± 8 mm Hg after 18 months of training (P Ͻ 0.05 for diastolic pressure (Figure 2) .
In all patients with 24-h ambulatory BP-profile available before and after long-term training, a reduction in systolic and diastolic BP could be demonstrated from 131 ± 7/94 ± 8 mmHg to 129 ± 12/83 ± 8 mm Hg after the training period. Although the number of investigated patients was small, there was a significant (P Ͻ 0.05) reduction in diastolic pressure during 24-h pressure monitoring (Figure 2) . 
Discussion
in this study is consistent with the summarised training induced changes of 48 study groups as anaThe purpose of this study was to determine the effect of regular training on arterial pressure. The lysed by Fagard.
31
The clinical significance of these provocative finresults demonstrated that in hypertensive subjects regular aerobic exercise training resulted in a sigdings remains to be documented. However, data from a recent study 32 allow us to calculate that the 6 nificant reduction of systolic and diastolic pressure, not only at rest but also during exercise and stress mm Hg decrease in resting diastolic pressure in this study would translate into a 38% reduction in the testing and during a 24-h BP profile.
It is generally known that hypertensive patients odds of fatal or non-fatal stroke, and a 16% reduction in the odds of coronary heart disease are endangered not only by higher arterial pressures at rest but especially by larger increases in pressure death or non-fatal myocardial infarction. One can argue that the decrease during ergometric during exercise and a delayed return to baseline levels after work. 25, [27] [28] [29] [30] In the assessment of antihypertesting results from adaptation to aerobic exercise or, moreover, from a placebo effect of an activity tensive therapy, therefore, the response to exercise should be analysed. 25 such as physical training. But even though the patients did not practise isometric exercise throughIn this regard it could be demonstrated that the decrease in systolic pressure of 7.6% during ergoout the training period, there was a reduced increase in arterial pressure during isometric testing as well. metric workload (100 watts) is more intensive than what we found using prazosin (3.2%, n = 24), Furthermore, a high reproducibility of BP response to ergometry has been demonstrated in diuretics (4.3%, n = 54), gallopamil (4.4%, n = 40) or enalapril (6.2%, n = 26) and is in the range of modersome of our earlier studies and has been confirmed by other authors as well with a very low variance ate nifedipine doses (20 mg: 7%, n = 35; 40 mg: 9.2%, n = 45), but substantially lower than betafactor on a single day and for day-to-day variability. 25 blocking agents (16.6%, n = 473) ( Figure 3 ). The effect of aerobic training on arterial pressure at rest The observations in this study were based on a small sample size and are weakened by the lack of a definite control group. We used the patients as their own control with the initial 3-4 months prior to the onset of training taken as the control period. After this control period arterial pressure during ergometric testing was reproducible with no statistically significant differences, whereas arterial pressure at rest decreased significantly in the respective period.
The underlying mechanisms responsible for the exercise-induced reduction in BP remain unclear. Physical aerobic training probably achieves this goal by effecting a redistribution of systemic blood flow and by increasing metabolic vasodilatation, which significantly lowers the total peripheral resistance. Furthermore, an increase in the capillary bed in the skeletal muscle and functional changes in the arterioles are also under discussion, 33 which would restitute the ability for vasodilation, probably by changing the sensitivity and/or number of ␣-receptors of the vascular bed. esis of hypertension. [34] [35] [36] [37] Changes in BP may also was attributable to a weight reduction, because there
